3 However, given their retention-interval cue was presented at 250 ms from the memory array offset (well within the range of iconic memory), whether or not the reported effects purely reflect the selection mechanism during VSTM maintenance alone should be carefully interpreted. Because it takes at least 500 ms for information persistence to disappear (e.g., Sperling, 1960; Irwin & Yeomans, 1986) , the reported effects may reflect the iconic-memory-level selection to some extent. 4 See Hollingworth and Hwang (2013) and Williams et al. (2013) for the debate regarding whether or not the cued item's precision is modulated "within the typical VSTM capacity." While Williams et al. found a precision increase of a single cued item in comparison to one of two un-cued items (equivalent to nocue trials), Hollingworth and Hwang reported no precision difference between the validly-cued and invalidly-cued items. Also note that, while Murray et al.'s (2013) results are consistent with Hollingworth and Hwang and Williams et al., they interpret the increased retention probability of the cued item as evidence that attention transforms the cued item's representation into "a more robust representation to enable comparison with the memory probe" (p.552) along with Makovski and Jiang (2007) , Makovski et al. (2008) and Sligte et al. (2008) . Here, leaving such an interpretation aside, we refer to the pattern of the data consistent with Hollingworth and Hwang and Williams et al. retention-interval cueing studies were conducted by using some form of the endogenous cue, such as an arrow or word presented at the center of the computer screen. Due to interruption masking concerns, use of the cue that appears at the exact same perceptual location with the cued item represented in VSTM has been discouraged in general.
While the exogenous (peripheral) cue use was seen with some reservations, the results from recent neuroimaging studies suggest that VSTM operates by retaining "reasonable copies" of scenes constructed during sensory processing (Serences et al., 2009, p. 207) . If VSTM operations are sub-served by the same neural mechanisms that encode the sensory information, then visual attention may operate in similar manners across observers' perceptual and memory representations to a certain extent. One such possibility is that, provided that there is no methodological artifacts associated with the retention-interval cueing paradigm (i.e., interruption masking, eye movements), attention can be efficiently guided by the exogenous cue during VSTM maintenance. Interestingly, in pursuit of other theoretical questions, a handful of recent studies (Makovski & Jiang, 2007; Murray et al., 2013; Pertzov et al., 2013; Shimi et al., in press; Sligte et al., 2008) started using the exogenous cue with the change-detection task and demonstrated significant cueing effects (all with the cue validity above 50%). Yet, a particular study conducted by Berryhill et al. (2012) suggests otherwise; failure to observe a significant retention-interval cueing benefit with the exogenous cue led them to argue that attention cannot be directed to a specific item's location stored in VSTM with the exogenous cue.
Given all the other studies mentioned above have shown significant cueing effects, it is tempting to conclude that the results of Berryhill et al. (2012) reflect a mere failure to replicate the exogenous cueing benefit and move on. However, the current status of the retention-interval cueing literature suggests that it is premature to conclude so. This is because all these studies LOCATION-SPECIFIC EFFECTS OF ATTENTION IN VSTM 9 mentioned above presented the exogenous cue for validly-cued trials alone (except Sligte et al., 2008 , whose cues were valid on all trials). That is, change-detection performance accuracy of exogenous valid cue trials was compared with accuracy of neutrally-cued trials with a single endogenous (central) cue that appears at the center of the computer screen (Murray et al., 2013; Shimi et al., in press) or equivalent no-cue trials (the fixation cross at the center of the computer screen in Pertzov et al., 2013 ; no fixation cross after the initial 500 ms of the trial in Makovski & Jiang, 2007) . Despite lack of sensory benefit brought by the bona fide exogenous cue (such as the one observed during perceptual processing, with the cue validity lower than 50%), such an experimental design might have allowed the observers to shift between two different degrees of the goal-directed selection of attention. Specifically, unlike the endogenous cue, the exogenous cue appears at the exact same perceptual location with the cued item represented in VSTM; while the exogenous valid cue enables the observers to bypass the steps of interpreting the meaning of the cue before orienting attention to a specific location represented in VSTM, the endogenous neutral cue still requires the observers to interpret the meaning of the cue. Given such a difference, at present, whether the observers can successfully use the exogenous cue in comparison to the analogous (equivalent) exogenous neutral cue condition remains unknown.
The observed difference in change-detection performance accuracy between exogenous valid cue trials and endogenous neutral cue trials in the existing studies might have been exaggerated because the observers were required to switch between the exogenous valid cue trials and the endogenous neutral cue trials.
To resolve such an ambiguity, in the present study, neutrally-cued trials were designed to diffuse attention across all items represented in VSTM without requiring the observers to interpret the meaning of the cue. The neutral cue was a set of dots that appeared at each of LOCATION-SPECIFIC EFFECTS OF ATTENTION IN VSTM 10 memory-array items' locations ( Figure 1 ). In addition, we used only valid and neutral cues as invalid cues do not readily distinguish the different effects of attention. Particularly, we cannot distinguish whether the cueing cost is generated through the active use of the valid cue (as a researcher usually intends) or the observers intentionally forget the un-cued items due to the demand characteristics of the experiment. We also made validly-cued and neutrally-cued trials equi-probable to increase statistical power (e.g., Matsukura et al., 2007; Matsukura & Hollingworh, 2011) .
Upon linking the observers' ability to utilize the exogenous cue during VSTM maintenance to the sensory recruitment hypothesis, we should acknowledge an important property of selective attention that operates during VSTM maintenance. In the present study, we do not assume that selective attention that operates within VSTM representations (memory-level attention) shares a common functional mechanism with selective attention that operates during sensory processing (perception-level attention). While some studies (Hollingworth & MaxceyRichard, 2013; Maxcey-Richard & Hollingworth, 2013) characterized that Matsukura et al.
(2007) assumed that perception-level attention is sustained through the VSTM maintenance, Matsukura et al. explicitly stated that different selection mechanisms are assumed to be involved when the observers perform the memory-level attention task (e.g., color change detection with the retention-interval cueing manipulation) and the perception-level attention task (e.g., spatial pre-cueing task, p.1430). Although memory-level and perception-level selection mechanisms are functionally dissociable, a common set of attentional control mechanisms can still be used across many different types of attention tasks (e.g., Experiment 5 in Matsukura et al., 2007; Wojciulik & Kanwisher, 1999) . Therefore, the anticipated results that memory-level attention can be guided by the exogenous cue (thus, shares some similarities with perception-level LOCATION-SPECIFIC EFFECTS OF ATTENTION IN VSTM 11 attention) do not necessarily refute a functional dissociation between memory-level and perception-level selections.
To preview our results, consistent with the sensory recruitment hypothesis, the observers were able to direct attention to a specific item's location represented in VSTM with the exogenous cue. Significant exogenous cueing benefits were observed near and above the typical VSTM capacity of 3-4 items, and these benefits cannot be attributed to interruption masking or corrective eye movements that are more likely to occur in neutrally-cued trials. These results strongly suggest that lack of the exogenous cueing benefit reported by Berryhill et al. (2012) should not be interpreted as a quintessential feature of memory-level attention.
Experiment 1
The goal of Experiment 1 was to examine whether the observers are able to direct attention to a specific item's location represented in VSTM with the exogenous cue in a wellcontrolled setting. We first examined the retention-interval cueing benefits across memory-array set sizes 4 and 6 with the between-subjects design (Experiment 1A), and then replicated the same pattern of results with the within-subjects design (Experiment 1B). The set-size manipulation was included to ensure that our conclusion regarding the exogenous cueing benefit during VSTM maintenance would generalize "near and above" the VSTM capacity, as observed with the endogenous cue (Matsukura et al., 2007) . For attention to be to be maximally utilized to select the cued item from VSTM, the set size of the to-be-remembered items should exceed the typical VSTM capacity (see the view of process-oriented attention in Luck & Vecera, 2002 ).
One of the major challenges with any retention-interval cueing experiment is to include enough number of trials per condition within a single experimental session without tiring the observers (e.g., see a sudden drop of change-detection accuracy in the experimental session that
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exceeds 60 minutes in Matsukura & Hollingworth, 2011) . The longer length of each trial relative to a typical change-detection or perception-level attention task (e.g. spatial cueing, visual search) makes it difficult to have a reasonable number of trials that are necessary to make any inference regarding the cueing benefit, especially with the within-subjects factor of set size. To circumvent this problem, we first demonstrated significant cueing benefits across set sizes 4 and 6 in separate groups of the observers in Experiment 1A. To anticipate the results, significant cueing benefits were observed for both set sizes 4 and 6. Next, to rule out the possibility that the observed pattern of the results in Experiment 1A was driven by the between-subjects variability, we replicated the same experiment with the within-subjects factor of set size in Experiment 1B.
To preview the results, significant cueing benefits were replicated across set sizes 4 and 6. Experiment 1A Experiment 1A also included the control condition with set size 6, in order to eliminate an alternative account that the observed exogenous cueing benefits were produced by interruption masking. Because neutrally-cued trials contained a larger number of locations that exogenous cues and to-be-remembered items overlap compared to validly-cued trials (see Figure   1 ), neutrally-cued trials are more susceptible to detrimental effects of masking. Even though randomly varied inter-stimulus intervals (ISIs) between the memory array offset and the cue onset (the first delay) as well as between the cue offset and the test probe onset (the second delay) go outside of the integrative masking range, interruption masking can still take place. If change-detection accuracy for neutrally-cued trials were lowered due to such masking, then the effects that look like cueing benefits could be easily generated across set sizes 4 and 6.
A well-known form of interruption masking, object substitution masking (e.g., Enns, 2004; Enns & Di Lollo, 1997) , is believed to occur by interrupting rapid visual sampling LOCATION-SPECIFIC EFFECTS OF ATTENTION IN VSTM 13 activities of a percept, when spatial attention is widely distributed (the re-entrant theory of perception, e.g., Di Lollo, Enns, & Rensink, 2000; Lamme, Zipser, & Spekreijse, 2002) .
Because each ISI in the present experiments goes beyond the range of iconic memory (it takes at least 500 ms for information persistence to disappear, Sperling, 1960; Irwin & Yeomans, 1986) , rapid visual sampling activities denoted in the object substitution masking literature are not possible in the current retention-interval cueing paradigm. Accordingly, some may argue that it is not necessary to examine whether the exogenous cueing benefit could be generated by object substitute masking per se. However, given exclusion of the object substitution masking possibility would not necessarily prevent other types of interruption masking unknown to us from taking place, it was necessary to ensure that the observed cueing benefits across set sizes 4 and 6 were not products of any type of interruption masking.
To achieve this goal, in the control condition of Experiment 1A, while keeping validlycued trials constant with the set-size-6 condition, set-size-6 neutral cues were scaled down with the cortical magnification factor (Wolfe, O'Neill, & Bennett, 1998) . Use of the cortical magnification factor scaling allowed us to present six neutral cues in the locations that did not overlap with to-be-remembered items in the memory array (i.e., the imaginary circle of six neutral cues in the set-size-6 condition were brought inward), while the scaled images activate equivalent portions of the cortex with neutrally-cued trials in the set-size-6 condition.
If the cueing benefits observed in the set-size-4 and -6 conditions were produced by interruption masking, then the cueing benefit should not be replicated in the control condition.
Specifically, in the control condition, change-detection accuracy of neutrally-cued trials should be as high as that of validly-cued trials. In contrast, if the cueing benefits in the set-size-4 and -6 conditions reflected sound operations of selective attention during VSTM maintenance, then the
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cueing benefit comparable to the set-size-6 condition should be observed. To anticipate the results, with a nearly identical range of change-detection accuracy, a significant cueing benefit comparable to the set-size-6 condition was observed in the control condition.
Method
Participants Sixteen observers participated in each set-size and control condition. All observers were University of Iowa undergraduates who participated to receive partial course credits for their involvement; all were between the ages of 18 to 30 years, and all reported having normal or corrected-to-normal visual acuity. None of these observers had participated in any of other experiments reported in the present study.
Stimuli
Stimuli were viewed from a distance of 60 cm and were presented on a gray background (22.6 cd/m 2 ) with a continuously visible white fixation cross (51.5 cd/m 2 ). For a set size of 6, the stimuli were presented at six locations that were evenly spaced around an imaginary circle with a radius of 3.8° that was centered at fixation (see Figure 1 ). Each memory array consisted of a 1.1° x 1.1° filled square at each of the six locations. The set-size-4 display was identical to the set-size-6 display except that four locations were evenly spaced around the imaginary circle. The exogenous cue was a white, 0.38° x 0.38° filled square. In the control condition, the imaginary circle with an approximate radius of 1.24° was used to present the six neutral cues, white 0.09° x 0.09° filled squares. Again, validly-cued trials in the control condition were kept constant with those in the set-size-6 condition.
The colors were selected at random (without replacement) from a set of seven easily 
Procedure
Each trial started with an observer beginning an articulatory suppression task, in which the observer was required to repeat either "A, B, C, D" or "1, 2, 3, 4" aloud through the duration of the trial. This concurrent task effectively discourages verbal recoding of visual information (e.g., Baddley, 1986; Besner, Davies, & Daniels, 1981; Murray, 1968) .
As illustrated in Figure 1 , the memory array appeared for a duration of 100 ms after a 1000-ms fixation screen. The offset of the memory array was followed by a blank delay period that was randomly varied within the range from 1500 to 2500 ms. Then, either a single dot cue (validly-cued trials) or multiple dot cues (neutrally-cued trials) appeared for 100 ms. The offset of the cue was followed by another blank period that varied randomly within the range from 500 to 1000 ms, and then a single test probe was presented and remained on the computer display until the observers made a response. These delay durations between the memory array offset and the cue onset as well as between the cue offset and the test probe onset were randomly varied to prevent the observers from predicting the presentation timing of the cue and a single test probe, respectively (e.g., Griffin & Nobre, 2003; Matsukura et al., 2007) .
As mentioned earlier, validly-cued and neutrally-cued trials were equi-probable to increase statistical power and randomized throughout the experiment (e.g., Matsukura et al., 2007; Matsukura & Hollingworh, 2011) . In validly-cued trials, a single dot cue appeared at one of the four or six locations that had been occupied by color squares in the memory array, and the test probe always appeared at this location. In neutrally-cued trials, the cue was a set of four or six dots that appeared at each of these four or six locations, and the test probe could appear at any of these locations with equal probability.
On half of the trials, the test probe had the same color as the item appeared at the corresponding location in the memory array (same-color trials). On the remaining trials, the test
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probe was selected at random from the colors that had not been present in the memory array (different-color trials, i.e., without replacement). The observers pressed "1" if the test probe and the corresponding item in the memory array shared the same color and "2" if the test probe and the corresponding item in the memory array had different colors.
Because we are interested in how well the observers remembered validly-cued items relative to neutrally-cued items, the observers made an un-speeded manual response. This method also prevented the observers from prioritizing accuracy over reaction time (RT) for some trials and RT over accuracy for other trials (but see different approaches and methods in Astle et al., 2012; Griffin & Nobre, 2003) .
5
Each observer participated in a single 60-minute experimental session. At the beginning of the session, the observers were given both written and verbal instructions. After a few minutes of practice with the task, each observer completed 432 trials in six blocks of 72 trials.
Results and Discussion Figure 2A shows mean change-detection accuracy (percent correct, collapsed across same-color and different-color trials) of Experiment 1A as a function of cue type (valid vs.
neutral) and set size (4, 6, control).
6 5 All RT analyses of correct trials in the present study yielded the same pattern as did the analysis of percent correct. When RTs shorter than 150 ms or longer than 2000 ms were excluded from the analyses, less than 4.8 % of correct trials were removed. Median RT analyses without trimming produced the same pattern of the results. 6 To rule out possible distortions from response bias, all the data in the present study were also analyzed with d', a measure of sensitivity based on the signal detection theory (Macmillan, & Creelman, 1991) . The analyses of d' yielded the same pattern of results as did the analyses of percent correct. Because the For all conditions, the observers recognized validly-cued items more accurately than neutrally-cued items (i.e., the retention-interval cueing benefit). Given the goal of the control experiment was to rule out the possibility that the cueing benefits observed across set sizes 4 and 6 were driven by interruption masking, we will compare the cueing benefits in the set-size-4 and 6 conditions first, then move onto examining if there was any statistical difference between the set-size-6 and control conditions.
An analysis of variance (ANOVA) with a within-subjects factor of cue type (valid vs.
neutral) and a between-subjects factor of set size (4 vs. 6) was conducted. Higher accuracy in validly-cued trials than in neutrally-cued trials led to a significant main effect of cue type, F (1, 30) = 63.19, p < .0001. While overall accuracy in the set-size-4 condition was higher than in the set-size-6 condition, this difference did not reach significance for a main effect of set size, F (1, 30) = 2.73, p = .11. Finally, the two-way interaction of cue type and set size was not significant, F (1, 30) = .006, p = .94, indicating that the size of the retention-interval cueing benefit did not significantly differ between the two set-size conditions. Planned pair-wise comparisons confirmed that the observed cueing benefit was significant for both the set-size-4 condition, t (15) = 5.88, p < .0001, and the set-size-6 condition, t (15) = 5.50, p < .0001.
Having observed significant cueing benefits both near and above the VSTM capacity, we now move onto ruling out the possibility that these cueing benefits were generated by interruption masking occurred in neutrally-cued trials. An ANOVA with a within-subjects factor retention-interval cueing paradigm essentially violates the critical assumption that the observers try to maintain as many items as possible in VSTM by requiring the observers to remember a single cued item, it is not appropriate to estimate the capacity of validly-cued trials (Matsukura & Hollingworth, 2011). of cue type and a between-subjects factor of condition type (set size 6 vs. control) enabled us to compare the magnitude of the cueing benefit between the set-size-6 and control conditions.
Higher accuracy in validly-cued trials than in neutral-cued trials led to a significant main effect of cue type, F (1, 30) = 75.94, p < .0001. There was no main effect of condition type, F (1, 30) =
.11, p = .75, indicating that mean change-detection accuracies in the set-size-6 and control
conditions were approximately the same. Confirming the hypothesis that the previously observed exogenous cueing benefits were not driven by interruption masking, the two-way interaction of cue type and condition type was not significant, F (1, 30) = .21, p = .65. Lack of this two-way interaction indicates that the size of the cueing benefit did not significantly differ between the set-size-6 and control conditions. Planned pair-wise comparisons confirmed that the observed cueing benefit was significant for both the set-size-6 condition (as reported earlier), and the control condition, t (15) = 7.11, p < .0001.
Experiment 1B
Having ruled out the account that the cueing benefits observed in Experiment 1A were produced by interruption masking per se, we now need to rule out the possibility that significant cueing benefits observed across set sizes 4 and 6 were caused by the between-subjects variability.
Method
The method of Experiment 1B was identical to that in Experiment 1A except (1) an independent group of 16 observers from Experiment 1A participated in the experiment, (2) there was no control condition, and (3) each observer experienced both set-size-4 and set-size-6 trials as a within-subjects factor (216 trials for each set size, 432 trials in total). Both cue type and set size were randomized throughout the experiment (i.e., mixed-trial design). Figure 2B shows mean change-detection accuracy of Experiment 1B as a function of cue type (valid vs. neutral) and set size (4 vs. 6). As observed in Experiment 1A, accuracy was higher in validly-cued trials than in neutrally-cued trials across both set sizes, and these observations were supported by an ANOVA with within-subjects factors of cue type and set size.
Higher accuracy in validly-cued trials than in neutrally-cued trials led to a significant main effect of cue type, F (1, 15) = 74.35, p < .0001. Higher accuracy in set-size-4 trials than in set-size-6 trials also led to a significant main effect of set size, F (1, 15) = 86.07, p < .0001. The two-way interaction of cue type and set size was not significant, F (1, 15) = .39, p = .54, as the size of the cueing benefit was approximately the same between set-size-4 and -6 trials. Planned pair-wise comparisons confirmed that the cueing benefit was significant for both set-size-4 trials, t (15) = 7.76, p < .0001, and set-size-6 trials, t (15) = 5.86, p < .0001.
Together, Experiment 1 results suggest that attention can be directed to a specific location represented in VSTM with the exogenous cue, when the number of to-be-remembered items is near and above the VSTM capacity. Both Experiments 1A and 1B showed robust exogenous retention-interval cueing benefits across set sizes 4 and 6. 
Participants Sixteen University of Iowa students either volunteered to participate or participated to receive partial course credits for their involvement; all were between the ages of 18 to 30 years, and all reported having normal or corrected-to-normal visual acuity.
Stimuli and Procedure
The stimuli and procedure were identical to those of Experiment 1B except that the observers received 120 trials in five blocks of 24 trials. Eye position was measured with an Applied Science Laboratories Eye Trac Model 210. All observers were instructed to maintain fixation because trials with eye movements would be removed from the data analysis. Eye movements were monitored by the experimenter, who kept a trial-by-trial record of whether an eye movement occurred. Eye movements were monitored from the start of a trial to the key press that the observers made in responding to the test probe.
Eye movements were defined as a movement of more than 1° to the left or right of fixation (Matsukura et al., 2007) .
Results and Discussion Figure 3 shows mean change-detection accuracy of Experiment 2 as a function of cue type and set size. Less than 1.7 % of the trials were removed due to eye movements.
Replicating Experiment 1B results, the observers recognized validly-cued items more precisely compared to neutrally-cued items in both set-size-4 and -6 trials, and these observations were
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supported by an ANOVA with within-subjects factors of cue type and set size. Higher accuracy in validly-cued trials than in neutrally-cued trials led to a significant main effect of cue type, F
(1, 15) = 18.05, p < .001. Higher accuracy in set-size-4 trials than in set-size-6 trials led to a significant main effect of set size, F (1, 15) = 55.74, p < .0001. The two-way interaction of cue type and set size did not reach significance, F (1, 15) = 1.81, p = .2, as the magnitude of the cueing benefit was approximately equivalent across two set sizes. Planned pair-wise comparisons also confirmed that the cueing benefit was significant for both set-size-4 trials, t (15) = 2.27, p < .004, and set-size-6 trials, t (15) = 3.76, p <.002.
The results of Experiment 2 did not only rule out the account that the cueing benefits observed in Experiment 1 were by-products of the observers' corrective eye movements, but also replicated the results of Experiment 1B.
Having ruled out the accounts that the exogenous cueing benefits are produced by interruption masking and corrective eye movements, at first glance, the results of Experiments 1 and 2 appear to suggest that the exogenous cue can guide memory-level attention as efficiently as the endogenous (e.g. central arrow) cue when the number of to-be-remembered items is near and above the typical VSTM capacity. However, the current status of the retention-interval cueing literature lacks evidence for us to make such a claim. That is, to date, significant endogenous cueing benefits have never been demonstrated with the within-subjects set-size endogenous cueing benefits across set sizes 4 and 6 with the between-subjects design. Thus, unless the endogenous cueing benefits across set sizes 4 and 6 are replicated with the withinsubjects set-size manipulation, we cannot rule out the possibility that the endogenous cueing benefits observed in Matsukura et al. (2007) were driven by the between-subject variability. In the strictest sense, unless these endogenous cueing benefits are replicated with the withinsubjects set-size manipulation, we do not have any empirical ground to be able to claim that the exogenous cue can guide memory-level attention as efficiently as the endogenous cue when the number of to-be-remembered items is near and above the VSTM capacity.
Even with a number of differences in the experimental procedure (e.g., inclusion of invalidly-cued trials, speeded responses), a recent work conducted by Astle et al. (2012) suggests the possibility that the observers adopt different strategies to perform the change-detection task with the retention-interval cueing manipulation when the number of to-be-remembered items is near and above the VSTM capacity. Given this record in the literature, whether use of the endogenous cue can produce comparable results with the exogenous cue experiments with the within-subjects set-size manipulation is not a trivial question. To resolve these ambiguities once and for all, in Experiment 3, we replicated Experiment 1B (the within-subjects set-size manipulation) with the endogenous cue. If the results replicate significant cueing benefits across set sizes 4 and 6 with a nearly identical range of change-detection accuracy with Experiment 1B, then we can safely conclude that the pattern of the data observed in Experiments 1 and 2 is not specific to the exogenous cue use.
The method of Experiment 3 was identical to that in Experiment 1B except (1) a new group of 16 observers participated in the experiment, and (2) the dot cue was replaced with the central arrow cue, which was a white arrow (51.5 cd/m 2 ), 1.9 in length (Matsukura, et al., 2007) .
In validly-cued trials, a single central arrow pointed to one of the four or six locations that had been occupied by color squares in the memory array, and the test probe always appeared at this location. In neutrally-cued trials, the cue was a set of four or six arrows pointing to each of these four or six locations, and the test probe could appear at any of these locations with equal probability.
Results and Discussion Figure 4 shows mean change-detection accuracy of Experiment 3 as a function of cue type (valid vs. neutral) and set size (4 vs. 6). Replicating Experiment 1B results, the observers recognized validly-cued items more accurately compared to neutrally-cued items in both setsize-4 and -6 trials, and these observations were supported by an ANOVA with within-subjects factors of cue type and set size. Higher accuracy in validly-cued trials than in neutrally-cued trials led to a significant main effect of cue type, F (1, 15) = 46.53, p < .0001. Higher accuracy in set-size-4 trials than in set-size-6 trials led to a significant main effect of set size, F (1, 15) = 67.82, p < .0001. The two-way interaction of cue type and set size was not significant, F (1, 15) = .20, p = .66, as the size of the cueing benefit was approximately the same between set-size-4
and -6 trials. Planned pair-wise comparisons confirmed that the cueing benefit was significant for both set-size-4 trials, t (15) = 4.60, p < .0001, and set-size-6 trials, t (15) = 5.97, p <.0001.
These results with a nearly identical range of change-detection accuracy with Experiment 1B let us confirm that the pattern of the data observed in Experiments 1 and 2 is not specific to
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the exogenous cue use. Indeed, a between-experiments analysis with Experiment 1B failed to produce a significant three-way interaction of cue type, set size, and experiment type, F (1, 30) = .00, p = .99.
-------------------------------Insert Figure 4 about here -------------------------------Experiment 4
While Experiments 1 and 2 showed robust exogenous cueing benefits during VSTM maintenance, one question remains: Why did the observers in Berryhill et al. (2012) fail to show the exogenous cueing benefit? To be clear, the goal of the present study is to examine whether or not selective attention can be guided by the exogenous cue during VSTM maintenance in a well-controlled setting, but not to identify the exact source of failure to observe the exogenous cueing benefit in a particular setting that Berryhill et al. employed. However, given there are some conflicting reports regarding the relationship between the exogenous cue use and the delay duration between the cue offset and the test probe onset in the literature, this ambiguity should be at least resolved before we conclude that attention can be directed to a specific item's location represented in VSTM with the exogenous cue.
There are three major differences between the current series of experiments and Berryhill et al.'s (2012) experiment. First, while the delay duration between the retention-interval cue offset and the test probe onset (the second delay) in the current experiments goes beyond the iconic memory range (randomly varied in the range between 500 and 1000 ms), the corresponding delay duration in Berryhill et al. was 400 ms, well within the range of iconic memory (Sperling, 1960; Irwin & Yeomans, 1986 condition. As expected, no significant accuracy difference was observed between the no-cue and cue-set-size-6 conditions. When accuracy of the cue-set-size-1 condition (equivalent to validlycued trials in the present study) was compared to that of the cue-set-size-6 condition (equivalent to neutrally-cued trials in the present study), a significant cueing benefit was observed.
Given the sole difference between Berryhill et al. (2012) and Makovski and Jiang (2007) is whether the test array contained the place holders or not, the most likely explanation for lack of the exogenous cueing benefit in Berryhill et al. is that some form of masking occurred between the images of the exogenous valid cue and the place holders within this 400-ms delay.
However, given a statistical comparison between the cue-set-size-1 and -6 conditions in Makovski and Jiang was made based on a very small number of trials (48 trials for each condition), it is difficult for us to endorse such a result as a healthy exogenous cueing benefit.
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To resolve this ambiguity, in Experiment 4, we replicated our set-size-6 experiment (Experiment 1A) with the delay durations that both Berryhill et al. and Makovski and Jiang used. Both studies had 1000 ms for the first delay between the memory array offset and the cue onset and 400 ms for the second delay between the cue offset and the test probe presentation (Landman et al., 2003) . As illustrated in Figure 5A , in Experiment 4, the retention-interval cue appeared 1000 ms after the memory array offset and a single test probe was presented 400 ms after the cue offset. As in Makovski and Jiang's experiment, a single test probe appeared without any placeholder in the test array. Given solid evidence for the exogenous cueing benefits across memory-array set sizes 4 and 6 was established in earlier experiments, the only set-size-6
condition that heavily taxes the observers' VSTM capacity was tested in Experiment 4. This design also increased statistical power for each validly-cued and neutrally-cued trials.
If lack of the cueing benefit in Berryhill et al. (2012) would not allow us to make any conclusion regarding why no exogenous cueing benefit was observed in their study, the design of Experiment 4 enables us to determine whether lack of the exogenous cueing benefit in Berryhill et al. derives from (A) the 400-ms duration between the cue offset and a single test probe presentation or (B) the place holder use in the test array.
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As illustrated in Figure 5A , the method of Experiment 4 was identical to that in the setsize-6 condition of Experiment 1A except (1) a new group of 16 observers participated in the experiment, and (2) the retention-interval cue was presented 1000 ms after the memory array offset and a single test probe appeared 400 ms after the cue offset.
Results and Discussion
Figure 5B shows mean change-detection accuracy of Experiment 4 as a function of cue type (valid vs. neutral). Replicating the results of the set-size-6 condition in Experiment 1A with a nearly identical change-detection accuracy range, the observers recognized validly-cued items more accurately compared to neutrally-cued items. This observation was supported by a oneway ANOVA with the within-subjects factor of cue type. Even with the 400-ms ISI between the cue offset and a single test probe presentation, accuracy in the validly-cued trials was significantly higher than that in neutrally-cued trials, F (1, 15) = 36.13, p < .0001. A betweenexperiments analysis with the set-size-6 condition of Experiment 1A also confirmed lack of a significant interaction between cue type and experiment type, F (1, 30) = .02, p = .9.
Together, these results suggest that lack of the exogenous cueing benefit in Berryhill et al. (2012) was driven by some form of masking occurred between the images of the exogenous valid cue and the place holders in the test array, and attention can be directed to a specific location represented in VSTM with the exogenous cue even with the ISI as short as 400 ms.
While identifying the exact form of masking took place between the images of the exogenous valid cue and the place holders in the test array is beyond the scope of the present study, the the exogenous retention-interval cueing benefit observed in Berryhill et al.
It should be noted that, regardless of whether the retention-interval cue is presented peripherally or centrally, we fully expect a gradual size shrinkage of the cueing benefit as the duration between the cue offset and a single probe onset becomes shorter (e.g., the simultaneous cue condition in Makovski et al., 2008; Pertzov et al., 2013; Tanoue & Berryhill, 2012) . The shorter delay between the cue offset and a single probe onset (the second delay) does not leave much time for attention to be directed to the cued item's location represented in VSTM.
Accordingly, as the duration of the second delay is reduced, accuracy of validly-cued trials is expected to be nearing accuracy of neutrally-cued trials. Experiment 4 results simply indicate that the 400-ms ISI was not the primary cause for the absence of the exogenous cueing benefit reported by Berryhill et al. (2012) .
General Discussion
In four experiments, we investigated whether attention can be directed to a specific location represented in VSTM with the exogenous (peripheral) cue. Across all experiments, the observers recognized validly-cued items more accurately than neutrally-cued items by utilizing the cue that appears at the exact same perceptual location with the cued item represented in VSTM. These retention-interval cueing benefits cannot be attributed to either interruption masking (Experiment 1) or corrective eye movements (Experiment 2) that could have lowered accuracy of neutrally-cued trials. Moreover, the exogenous cue seems to be able to guide memory-level attention as efficiently as the endogenous cue when the number of to-beremembered items is near and above the typical VSTM capacity (Experiment 3). Importantly, however, such similarities across perception-level and memory-level selections of attention should not be interpreted as evidence that the exogenous cueing benefits observed in the present study are engendered through the selection mechanism that produces the exogenous cueing benefit during sensory processing. As many previous studies demonstrated, the exogenous cueing benefit observed during sensory processing is generated through the mechanism that the observer's attention is unpredictably drawn to the peripherally-cued location by virtue of luminance transients (e.g., Jonides, 1981; Posner & Cohen, 1984) . Indeed, the automatic nature of the exogenous cue is usually examined by lowering the cue validity below 50%. It has been shown that, despite the cue does not correctly predict the to-be-tested location for the majority of trials (i.e., non-predictive), sudden onsets of the peripheral cue lead to changes in perceptual processing of the cued location (Luck & Thomas, 1999) . Schmidt, Vogel, Woodman and Luck (2002) further demonstrated that sudden onsets of the peripheral cue influence the transfer of the perceptual representations into VSTM.
As we acknowledged in Introduction, in the present study, the term "exogenous" was used only to denote a specific location that the cue appeared during VSTM maintenance. As it is
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apparent by now, this was because the peripheral cue used in the present study did not share any property of the bona fide exogenous cueing benefit observed during sensory processing. First, every attention-directing cue in the present study appeared long after an icon of the cued item (as well as the memory array) had faded away (Sperling, 1960; Irwin & Yeomans, 1986) . Likewise, a single test probe was presented long after an iconic image of the cue itself had disappeared.
Thus, unlike the peripheral cue presented during perceptual processing, memory-level attention cannot enjoy sensory benefit brought by sudden onsets of the cue (e.g., luminance transients).
Second, across the four experiments, the cue validity in the present study remained at 50% (as in some of the other studies that used the exogenous cue), and the observers were instructed to take advantage of the cueing information. As mentioned earlier, the automatic nature of the exogenous cueing benefit observed during sensory processing has been studied under the circumstances that the cue does not provide any useful information about the location of the target item for the majority of trials. Given these two stipulations, the exogenous cueing benefits observed in the present study are highly likely to be generated through the goal-directed selection of attention.
Some may argue that, unless the cue validity is actually lowered below 50%, we cannot be sure whether the exogenous cue presented during VSTM maintenance really guides attention in a goal-directed fashion or not. While the issue of whether memory-level attention guided by the exogenous cue is stimulus-driven or goal-directed is not the question we pursued in the present study, a recent study conducted by Shimi et al. (in press) strongly suggests that the exogenous retention-interval cueing benefit is produced through the goal-directed selection. In their remarkably consistent demonstrations across different age groups of the observers, Shimi et al. reduced the validity of both exogenous (peripheral outline box) and endogenous (central
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arrow) retention-interval cues to 25% of entire trials and observed the complete disappearance of both exogenous and endogenous retention-interval cueing benefits and costs. Of relevance to the present study, accuracy (d') of exogenous valid cue trials was brought down to match that of endogenous neutral cue trials. Based on these results, Shimi et al. concluded that, unlike the exogenous cueing benefit observed during sensory processing, attention guided by the exogenous cue during VSTM maintenance operates through the goal-directed selection. That is, unlike the perception-level exogenous cue unpredictably attracts the observers' attention, once the observers figured that the information provided by the retention-interval cue is not useful to perform a given change-detection task, they stop using such cueing information regardless of whether the cue appears at the same perceptual location with the cued item represented in VSTM (peripheral) or at the center of the computer screen (central). Given we did not observe any discernible difference between when accuracy of exogenous valid cue trials was compared to that of exogenous neutral cue trials (the present study) and when accuracy of exogenous valid cue trials was compared to that of endogenous neutral trials (Makovski & Jiang, 2007; Murray et al., 2013; Pertzov et al., 2013; Shimi et al., in press) , it is safe to conclude that the exogenous cueing benefits observed in the present study are likely to be produced through the goal-directed selection as well.
Of relevance, Berryhill et al.'s (2012, Experiment 1) experiment consisted of the exogenous (16.7 %), endogenous (16.7 %), symbolic (16.7 %) valid cue trials (50 % in total) and endogenous neutral cue trials (50 %). Within this setting, the observers were given a specific instruction: that is, while the endogenous neutral cue is not informative in predicting the to-betested item's location, "the other cues" are (p.429). At first glance, 16.7 % of the low exogenous cue validity makes us wonder if the reported lack of the exogenous cueing benefit was caused by to12.5% (a non-significant trend was reported for this cueing benefit, p = .07, p.433).
Again, while identifying the exact source of lack of the exogenous cueing benefit observed in a particular setting that Berryhill et al. employed is not the goal of the present study, their experimental design and results described above strongly suggest that the peripherally-cued item's representation was actually retained as accurately as the centrally-cued item in VSTM;
however, this cued representation was likely to be wiped off by some form of masking that took place between the images of the exogenous valid cue and the place holders in the test array during the short 400-ms ISI.
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Finally, we should acknowledge potential effects of masking that could have occurred between the exogenous valid cue presentation and the item that appeared at the cued location in either memory or test array (e.g., Shimi et al, in press; Pertzov et al., 2013 The clear pattern emerged across these studies suggests that, despite the delay durations between the memory-array offset and the cue onset (the first delay) as well as between the cue offset and a single test probe onset (the second delay) go beyond the range of iconic memory, reminiscent of object substitute masking, the cue that snugly fits around the cued item may play a certain role in lowering accuracy of exogenous valid cue trials. Note that, however, this possible effect of masking is not as detrimental as driving accuracy of exogenous valid cues completely down to match that of either exogenous or endogenous neutral cues. Given the durations of both first and second delays exceed a typical duration that interruption masking can
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take place and no iconic representation of the cued item is available at the time of the cue presentation, it makes sense that physical characteristics of the cue alone are not sufficient to entirely wipe off the exogenous cueing benefit.
A related issue is whether lack of the exogenous cueing benefit in Berryhill et al. (2012) was caused by physical characteristics of their peripheral cue. Their cue was a white bar (2°x 0.7°) while the cued disk presented in the memory array with 3.8° in a diameter. Even though we entertain the possibility that the bar-shaped cue smaller than the cued color disk caused some masking between the memory array offset and the cue onset (the first delay), based on the pattern observed across Shimi et al. (in press) and Pertzov et al. (2013) , such a masking effect should not be as damaging as entirely eliminating the cueing benefit as Berryhill et al. reported. This leaves us again with the possibility that the peripherally-cued item's representation was retained as accurately as the centrally-cued item in VSTM up until the test array presentation; however, this cued representation in VSTM could not survive some form of masking that took place between the images of the white bar-shaped cue and the white ring (or the whole set of four white rings) that enclosed the cued color disk during the short 400-ms ISI. As the exact dimensions of the place holders were not reported in Berryhill et al., given a single cued color disk "filled in" one of these white-outlined place holders in the test array, the outline of each place holder should have been closely fit around the cued color disk.
The results from the present study raise an interesting question as to how the exogenous retention-interval cueing effects are generated. Although the current status of the literature suggests that attention guided by the exogenous retention-interval cue operates through the goaldirected selection, unlike the endogenous cue, the exogenous cue allows the observers to skip interpreting the meaning of the cue before orienting attention to a particular location represented
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in VSTM. Despite the exogenous cue presented during the retention interval cannot enjoy sensory benefit brought by the bona fide exogenous cue, whether or not utilization of the exogenous cue produces differential effects on the efficiency that the cued item is saved from memory-related degradation processes (i.e., decay, interference, or some other kind of degradation), relative to the endogenous cue use, remains to be tested in the future. Before moving onto such a question, the present study first demonstrated that the exogenous (peripheral) cue can guide attention within VSTM representations as efficiently as the endogenous (central) cue in a well-controlled setting. Despite being functionally dissociable from perception-level attention and generated through the goal-directed selection, the present finding is consistent with the sensory recruitment hypothesis, which assumes that VSTM operates by retaining "reasonable copies" of scenes constructed during sensory processing (Serences et al., 2009, p. 207) . Finally, the present finding validates the legitimacy of the exogenous cue use in past and future studies that examine the nature of memory-level attention. Mean change-detection accuracy from Experiment 4 as a function of cue type (valid, neutral).
